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(54) Sloped substrate support 

(57) The disclosure relates to a substrate support 
(134) comprising a shelf (135) having a surface (200) 
sloped at an angle such that the support contacts the 
substrate (106) substantially at an edge portion of the 
substrate. The angle of the shelf is greater than an angle 



of the edge portion of the substrate. The surface of the 
shelf may be machined or polished to improve its 
smoothness. The substrate support thereby reduces the 
effect and severity of scratches on the substrate caused 
by the support. As a result, the substrate support im- 
proves substrate yield. 
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Description 



This invention relates to a support for a substrate 
disposed in a semiconductor processing chamber 

In many semiconductor device manufacturing proc- 
esses, the required high levels of device performance 
yield, and process repeatability can only be achieved if 
the substrate (e.g., a semiconductor wafer) remains rel- 
atively free of defects during processing of the sub- 
sirstG. 

/r™" tT P ' e ' C ° nSider rapid ,hermal Pressing 
(RTP), which is used for several dtfferent fabrication 
processes, including rapid thermal annealing (RTA) 
rapid thermal cleaning (RTC), rapid thermal chemical 
vapor deposition (RTCVD). rapid thermal oxidation 
(n O), and rapid thermal nitridation (RTN) 

There is a trend in these processes to increase sub- 
strate size so as to increase the number of devices 
which can be fabricated simultaneously. If substrate 
thickness is constant, the mass of the substrate is pro- 
portional to the square of its radius or edge length 

In susceptor systems, the substrate is supported by 
being placed on a susceptor support. Thus, the amount 
of support is proportional to the surface area of the sub- 
strate. In susceptorless systems, the substrate is usu- 
ally only supported around its perimeter with an edge 
ring. 3 

We have discovered, however, that the edge rino 

^ S „nH!K denCy l ° impaft 3 l ° Cali2ed rin 9 of etches 
around the perimeter of the bottom surface of the sub- 
strate, which is explained as follows. A substrate tends 
to sag where it is not supported by the edge ring i e in 
areas away from its edge, causing the substrate to as- 
sume a cuived shape. Exposure of the substrate to high 
temperatures makes the substrate more susceptible to 
sag, thus increasing its curvature. 

Because of its curvature, the edge of the substrate 
assumes a slight angle from the horizontal. For in- 
stance, the edge of a 12-inch (300 mm) diameter sub- 
strate may be about 150 um higher than its center at 
room temperature, thereby causing the edge of the sub- 
strate to assume an angle of about 0. 1 degrees from the 
horizontal. Due to this angle, the substrate does not rest 
flat on the surface of the edge ring but instead contacts 
he ring s inside edge. This condition is illustrated in Fiq 
1 for a substrate 10 and an edge ring 20. As a resuit' 
edge r.ng tends to scratch the bottom surface of the sub- 
Larger, e.g., 12-inch (300 mm) substrates are es- 
pecially susceptible to scratches for two reasons First 
larger substrates are heavier and more highly curved 
when supported at their edge, causing the substrate to 
contact the edge ring with greater force. Second larger 
substrates are typically provided with backside surfaces 
that are highly polished, which tend to show scratches 
more readily than unpolished surfaces. 

A ridge, or 'edge crown", present on the inside edge 
of the edge ring was also found to scratch the substrate 



The edge crown, which is formed when the edge rino is 
coated with a layer of polysilicon, is composed of excess 
polysilicon that preferentially deposits on the inside 
edge of the edge ring. The edge ring is coated with a 
layer of polysilicon to render it opaque in the frequency 
range used for temperature measurements of the sub- 
strate, thereby improving the accuracy of the tempera- 
ture measurement. 

Sc ratches on the surface of a substrate are unda- 
table because they increase the susceptibility of the 
substrate to slip. Slip is a defect in the crystalline struc- 
ture of the substrate which destroys any devices through 
which ,t may pass, thereby reducing the yield of the sub- 
strate. More particularly, the presence of scratches on 
a substrate causes slip to occur in the substrate at a 
lower temperature than if no scratches were present In 
o her words, the presence of scratches makes a sub- 
s rate less robust and less able to tolerate high temper- 
eo I ,k?' , Sc , rat ?. hes a,so incre *se the susceptibility of a 
^^ ra f^''P under rapidly varying temperature con- 
d^ons.Scra«chesare.hereforeaparticularV significant 
problem for substrates processed in RTP chambers 
where temperatures typically exceed 1100 »C and are 
subject to rapid change. 
25 In addition to increasing the susceptibility of a sub- 
strate to slip, scratches also introduce undesirable cos- 
met^ imperfections in the substrate. Furthermore 
scratches may generate stray particles which may con- 

*> i^Sd 8 deVi ° e f3briCati0n process - ,hereb y decreas- 

Therefore, an object of the present invention is to 
prov.de a support for a substrate that minimizes the ef- 
fect of scratches on the yield of a substrate 

Another object of the present invention is to provide 
& a support for a substrate that minimizes its tendency to 
scratch the substrate. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and in 

40 Z J'l h ° bVi0US ,r ° m the ^ription, or may be 
*o learned by practice of the invention. The objects and ad- 
vantages of the invention may be realized and obtained 
by means of the instrumentalities and combinations par- 
ticularly pointed out in the claims. 

The present invention is directed to a substrate sup- 
port. The substrate support comprises a shelf, which 
may be annular, having a surface sloped at a first angle 
rom the horizontal. The first angle is selected such that 
he substrate support contacts the substrate substan- 
so If? at an „ ed 9 e P or,ion of the substrate. The first angle 
n T I " 9reat6r ,han ,he an 9' e of ,he ed 9e portion 

l l ?iST e - F ° r inStanCS ' the ,irst an 9 ,e ma V range 
from 1- 0 degrees. The substrate support is provided 
with a sloped surface to shift the point at which it con- 
tacts the substrate towards the edge of the substrate, 
thereby causing scratches to be formed only near the 
edge of the substrate where they do not affect yield 

The surface of the shelf, viewed in cross-section 
may be either planar, concave or convex. Furthermore' 
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the cross-sectional shape of the surface may be spher- 
ical, parabolic, hyperbolic, or some other empirically de- 
rived shape. 

The shelf may include a beveled portion, which may 
be annular, disposed on its inner edge. The beveled por- 
tion has a surface sloped at a second angle that is great- 
er than the first angle of the shelf. The beveled portion 
is provided to prevent the substrate from contacting the 
ridge formed on the inner edge of the edge ring, thereby 
preventing the ridge from scratching the substrate. 

The present invention may include a plurality of ma- 
terials. The substrate support may be composed of sil- 
icon carbide. The substrate support may further include 
at least one coating disposed on a surface of the sup- 
port. In one embodiment, the coating is a layer of poly- 
silicon. In another embodiment, the coating is a layer of 
silicon nitride. In yet another embodiment, the coating 
does not cover the annular shelf. 

The present invention may also include a plurality 
of surface finishes. A surface of the annular shelf may 
be machined or polished. Alternatively, a surface of the 
coating may be machined or polished. 

Advantages of the present invention include the fol- 
lowing. First, the present invention shifts the region 
where scratches are formed substantially to the edge of 
the substrate. Since the edge of the substrate contains 
no devices, the scratches do not adversely affect yield. 
Second, the present invention reduces the tendency of 
the support to scratch the substrate surface, thereby in- 
creasing the temperature at which the substrate may be 
processed without the occurrence of slip. As a result, 
substrates of up to 12 inches in diameter or more may 
be processed at the high temperatures necessary for 
such processes as RTP with satisfactory yield. 

The accompanying drawings, which are incorporat- 
ed in and constitute a part of the specification, schemat- 
ically illustrate an embodiment of the invention and, to- 
gether with the general description given below, serve 
to explain the principles of the invention. 

Figure 1 is an enlarged cross-sectional side view of 
a prior art edge ring and a substrate. 

Figure 2 is a cross-sectional side view of an RTP 
system in accordance with the present invention. 

Figure 3 is a plan view of an edge ring in accordance 
with the present invention. 

Figure 4 is a cross-sectional side view of the edge 
ring of Figure 3 along line 4-4. 

Figure 5 is an enlarged cross-sectional side view of 
the edge ring of Figure 3 along line 4-4. 

. Figure 6 is an enlarged cross-sectional side view of 
an edge ring in accordance with the present invention 
having an annular shelf with a curved surface. 

Figure 7 is an enlarged cross-sectional side view of 
an edge ring in accordance with the present invention 
having a beveled portion. 

Figures is an enlarged cross -sectional side view of 
the edge ring of Figure 7 along line 8-8, further including 
a layer of polysilicon. 
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Figures 9-11 are enlarged cross-sectional side 
views of edge rings in accordance with the present in- 
vention having layers of polysilicon covering various 
surfaces of the rings. 
5 An RTP system in accordance with the present in- 
vention is shown in Fig. 2. This system is described in 
further detail in co-pending U.S. Patent Application Se- 
rial No. 08/641,477, entitled "METHOD AND APPARA- 
TUS FOR MEASURING SUBSTRATE TEMPERA- 
TURES 0 , filed on May 1, 1996, which is incorporated 
herein by reference. 

The RTP system shown in Fig. 2 includes a 
processing chamber 100 for processing a disk-shaped, 
twelve-inch (300 mm) diameter silicon substrate 106. 
The substrate 106 is mounted inside the chamber on a 
substrate support structure 108 and is heated by a heat- 
ing element 110 located directly above the substrate. 
The heating element 110 generates radiation 112 which 
enters the processing chamber 100 through a water- 
cooled quartz window assembly 114 which is approxi- 
mately one inch (2.5 cm) above the substrate. Beneath 
substrate 106 is a reflector 102 which is mounted on a 
water-cooled, stainless steel base 116. Reflector 102 
may be made of aluminum and has a highly reflective 
surface coating 120. The underside of substrate 106 
and the top of reflector 102 form a reflecting cavity 118 
for enhancing the effective emissivity of the substrate, 
thereby improving the accuracy of temperature meas- 
urement. 

The temperatures at localized regions 109 of sub- 
strate 106 are measured by a plurality of temperature 
probes 126 and pyrometers 128. The temperature 
probes are distributed at varying distances from the 
center of substrate 106. 

During thermal processing, support structure 108 is 
rotated at about 90 revolutions per minute. Thus, each 
probe actually samples the temperature profile of a cor- 
responding annular ring area on the substrate. The sup- 
port structure which rotates the substrate includes an 
edge ring 134 which contacts the substrate around the 
substrate's outer perimeter, thereby leaving all of the un- 
derside of the substrate exposed except for a small an- 
nular region about the outer perimeter. 

Edge ring 134 rests on a rotatable tubular quartz 
cylinder 136 that is coated with silicon to render it 
opaque in the frequency range of pyrometers 128. The 
silicon coating on the quartz cylinder acts as a baffle to 
block out radiation from external sources that might con- 
found the temperature measurements. The bottom of 
the quartz cylinder is held by an annular upper bearing 
race 141 which rests on a plurality of ball bearings 137 
that are, in turn, held within an stationary, annular, lower 
bearing race 139. 

Referring to Figs. 3 and 4, edge ring 1 34 includes 
an annular shelf 1 35 upon which the edge of substrate 
106 rests. A surface 200 of annular shelf 135 is sloped 
at an angle 202 from the horizontal. 

For a 12 inch (300 mm) substrate, edge ring 134 
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may have a diameter (d) of approximately 13.2 inches 
(335 mm). Annular shelf 135 may have a radial width 
(w) of approximately 1.3 inches (4.1 mm). The radial 
overlap between substrate 106 and edge ring 134 may 
be approximately 2.7 mm if substrate 1 06 is placed in a 5 
centered position on annular shelf 135. 

Referring to Fig. 5, angle 202 of annular shelf 135 
is selected such that edge ring 1 34 contacts substrate 
106 substantially at an edge portion 209 of the sub- 
strate. Since edge portion 209 of substrate 1 06 does not io 
typically contain devices, scratches formed near edge 
portion 209 are less likely to affect the yield of the sub- 
strate. Angle 202 may be greater than or equal to an, 
angle 215 of edge portion 209 of substrate 106. Be- 
cause the curvature of substrate 1 06 increases as high- 15 
er temperatures, angle 202 may be selected to be great- 
er than or equal to angle 21 5 at the highest temperature 
to which substrate 106 is exposed. Angle 202 may, for 
instance, range from 1 -10 degrees from the horizontal. 
In one embodiment, angle 202 is 5.6 degrees from the 20 
horizontal. 

Surface 200 of annular shelf 135 may assume one 
of a variety of shapes. As shown in Figs. 4 and 5, surface 
200 may have a cross-section that is substantially pla- 
nar. Alternatively, surface 200 may have a cross-section 25 
that is concave, as shown in Fig. 6, or convex (not 
shown). Furthermore, the cross-sectional shape of sur- 
face 200 may be spherical, parabolic, hyperbolic, or 
some other empirically derived shape. If surface 200 is 
concave or convex, angle 202 varies radially across the 30 
shelf. Referring to Fig. 6, angle 202 may be 1 degree at 
an inner edge 206 of annular shelf 1 35, 3 degrees at a 
middle region 207 and 5 degrees at an outer edge 208. 

Referring to Fig. 7, annular shelf 1 35 may include a 
beveled portion 1 36 disposed on its inner edge 206. A 35 
surface 205 of beveled portion 1 36 is sloped at an angle 
203 from the horizontal. 

Referring to Fig. 8, beveled portion 1 36 prevents a 
ridge 204 formed on inner edge 206 of the edge ring, as 
described below, from contacting and scratching sub- 40 
strate 106. Angle 203 is greater than angle 202 of an- 
nular shelf 1 35 and is selected to enable substrate 106 
to clear ridge 204. For instance, angle 203 may be 5-1 0 
degrees from the horizontal. 

Referring again to Figs. 3 and 4, edge ring 1 34 may 45 
also include an annular rib 1 37. Rib 1 37 provides struc- 
tural support for edge ring 134. 

Edge ring 1 34 may be made of silicon carbide (SiC). 
However, SiC is transparent to radiation in the frequency 
range used for temperature measurements of the sub- so 
strate. As a result, edge ring 1 34 may transmit stray ra- 
diation that may affect the accuracy of the temperature 
measurement. Therefore, edge ring 1 34 may be coated 
with a layer of polysilicon to render it opaque to such 
radiation. 55 

Referring to Fig. 9, a polysilicon layer 210 may be 
formed on a top surface 211 and a bottom surface 212 
of edge ring 134. Polysilicon layer 210 may be formed 



by a deposition process using two masks, one for each 
surface. The thickness of polysilicon layer 210 may be 
about 100 jam. 

The deposition of polysilicon layer 21 0 on edge ring 
134, however, may result in the formation of ridge 204, 
as shown in Figs. 8 and 9. Ridge 204 forms during the 
deposition of polysilicon layer 21 0 as a result of the pref- 
erential deposition of polysilicon at inner edge 206 of 
edge ring 134. As noted earlier, ridge 204 may scratch 
substrate 106. 

To prevent the scratching from occurring, a polysil- 
icon layer 21 3 may be disposed solely on bottom sur- 
face 212 of edge ring 134 as shown in Fig. 10. Polysili- 
con layer 213 may be deposited using a single mask. 
This embodiment provides substrate 106 with a contact 
surface to edge ring 134 composed of SiC rather than 
polysilicon. 

Alternatively, as shown in Fig. 1 1 , a polysilicon layer 
214 may be formed on both top and bottom surfaces 
211 and 21 2, but with the polysilicon layer removed from 
surface 200 of annular shelf 135. Polysilicon layer 214 
may be removed with a single mask using a dry hydro- 
gen chloride (HCI) etch. This embodiment prevents 
ridge 204 from scratching substrate 106. It also provides 
substrate 106 with a contact surface to edge ring 134 
composed of SiC rather than polysilicon. 

If edge ring 134 is coated with either of polysilicon 
Iayers210,213or214, the edge ring may further include 
a layer of silicon nitride (Si 3 Ni 4 ) disposed on the polysil- 
icon layer (not shown). The silicon nitride layer acts as 
a diffusion barrier to prevent metal impurities that may 
be present in the polysilicon layer from contaminating 
substrate 106. 

Referring again to Fig. 4, surface 200 of annular 
shelf 135 may be machined or polished to increase its 
smoothness, thereby reducing its tendency to scratch 
substrate 106. If machined, surface 200 may have a sur- 
face roughness of about 4-16 microinches. If polished, 
surface 200 may have a surface roughness of about 
0.4-4 microinches. For comparison purposes, an unfin- 
ished surface 200 has a surface roughness of about 
40-100 microinches. If surface 200 is coated with poly- 
silicon layer 210, the polysilicon layer may be similarly 
machined or polished. 

Surface 200 may also be provided with an optical 
quality polish. Polished in this manner, surface 200 may 
have a surface roughness of about 0.02-0.2 microinch- 
es (5-50 angstroms). The polish may be performed ei- 
ther by hand or by machine. 

The present invention has been described in terms 
of a preferred embodiment. The invention, however, is 
not limited to the embodiment depicted and described. 
Rather the scope of the invention is defined by the ap- 
pended claims. 
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Claims 

1 . A substrate support, comprising: 

a shelf having a surface sloped at a first angle 
from the horizontal; and 
wherein the first angle of said shelf is selected 
such that said support contacts the substrate 
substantially at an edge portion of the sub- 
strate. 



cross-sectional shape of said surface of said annu- 
lar shelf is either concave or convex. 

13. The substrate support of Claim 5, wherein said an- 
5 nular shelf includes an annular beveled portion dis- 
posed on an inner edge of said annular shelf, said 
annular beveled portion having a surface sloped at 
a second angle from the horizontal, the second an- 
gle being greater than the first angle of said annular 
10 shelf. 



2. The substrate support of Claim 1 , wherein said sup- 
port is disposed in a thermal processing chamber 

3. The substrate support of Claim 1 , wherein: 

the first angle of said shelf is greater than or 
equal to an angle of the edge portion of the sub- 
strate. 

4. The substrate support of Claim 1 , wherein the first 
angle of said shelf is between about 1 degree and 
about 10 degrees. 

5. A substrate support, comprising: 

an annular shelf having a surface sloped at a 
first angle from the horizontal; and 
wherein the first angle of said annular shelf is 
selected such that said support contacts the 
substrate substantially at an edge portion of the 
substrate. 

6. The substrate support of Claim 5, wherein said sup- 
port is disposed in a thermal processing chamber. 

7. The substrate support of Claim 5, wherein: 

the first angle of said annular shelf is greater 
than or equal to an angle of the edge portion of the 
substrate. 

8. The substrate support of Claim 7, wherein the angle 
of the edge portion of the substrate is measured at 
the highest temperature to which the substrate is 
exposed. 

9. The substrate support of Claim 5, wherein the first 
angle of said annular shelf is between about 1 de- 
gree and about 10 degrees. 



14. The substrate support of Claim 5, further compris- 
ing at least one coating disposed on a surface of 
said substrate support. 

15 

1 5. The substrate support of Claim 1 4, wherein said an- 
nular shelf is not covered by said coating. 

16. The substrate support of Claim 14, wherein: 

20 

said substrate support is composed of silicon 
carbide, and 

said coating is a layer of polys i Neon. 

25 17. The substrate support of Claim 14, wherein said 
coating is a layer of silicon nitride. 

18. The substrate support of Claim 5, wherein a surface 
of said annular shelf is polished. 

30 

19. The substrate support of Claim 14, wherein a sur- 
face of said coating is polished. 

20. The substrate support of Claims 18 or 19, wherein 
35 said polished surface has a roughness of between 

about 0.02 microinches and about 4 microinches. 

21 . An edge ring for supporting a substrate in a thermal 
processing chamber, comprising: 

40 an annular shelf having a surface sloped at a 

first angle of between about 1 degree and about 10 
degrees from the horizontal. 

22. The edge ring of Claim 20, wherein said annular 
45 shelf includes an annular beveled portion disposed 

on its inside edge having a surface sloped at a sec- 
ond angle from the horizontal, the second angle be- 
ing greater than the first angle of said annular shelf. 



10. The substrate support of Claim 5, wherein the so 
cross-sectional shape of the surface of said annular 
shelf is planar. 

11. The substrate support of Claim 5, wherein the first 
angle of said annular shelf varies radially across $5 
said annular shelf. 



12. The substrate support of Claim 11, wherein the 
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